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SYNERGISTIC USE OF THIAZOLIDINEDIONES WITH GLUCAGON- 
LIKE PEPTIDE-1 AND AGONISTS THEREOF TO TREAT 
METABOLIC INSTABILITY ASSOCL^TED WITH NON-INSULIN 
DEPENDENT DIABETES 

BACKGROUND OF THE INVENTION 

The present invention relates to a combination of a thiazolidinedione (TZD), 
with glucagon-like peptide-1 (GLP-1) or a GLP-1 agonist, which combination possesses 
desirable hormonal activity and can be used to regulate glucose homeostasis in patients 
suffering from non-insulin dependent diabetes meUitus (Type n diabetes). 

Insulin resistance is a classic feature of many himian disease conditions, such 
as Non-Insulin-Dependent Diabetes Mellitus (NIDDM), obesity, hypertension, aging, etc. 
Diabetes mellitus is a disorder of carbohydrate metabolism, characterized by hyperglycemia 
and glycosuria resulting from inadequate production or utilization of insulin. NEDDM is a 
form of diabetes where utilization of insulin is inadequate. It occurs predominantly in 
adults, in whom adequate production of insulin is available for use, yet a defect exists in 
insulin-mediated utilization and metabolism of glucose and peripheral tissues. For some 
people with diabetes, a mutation in the gene(s) coding for insulin, for insulin receptor 
and/or for insulin-mediated signal transduction factor(s) leads to ineffective insulin and/or 
insulin-mediated effects, impairing the utilization or metabolism of glucose. 

Diabetes mellitus often develops from certain at risk populations; it is known 
that one such population is individuals with impaired glucose tolerance (IGT). The usual 
meaning of impaired glucose tolerance is tiiat it is a condition intermediate between frank, 
non-insulin-dependent diabetes mellitus and normal glucose tolerance. IGT is diagnosed by 
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a procedure wherein an affected person's postprandial glucose response is determined to be 
abnormal as assessed by two-hour postprandial plasma glucose levels. In this test, a 
measured amount of glucose is given to the patient and blood glucose level measured at 
regular intervals, usually every hour for the first two hours and every hour thereafter. In 
5 a "normal" or non-IGT individual, glucose levels rise during the first two hours to a level 
less than 140 mg/dl and then drop rapidly. In an impaired individual (IGT) the blood 
glucose levels are higher and the drop-off level is at a slower rate. A high percentage of 
the impaired (IGT) population is known to progress to non-insulin dependent diabetes 
mellitus. 

10 The pathophysiology of non-insulin-dependent diabetes mellims (NIDDM) 

consists of three major components, (1) peripheral insulin resistance; (2) increased hepatic 
glucose production; and (3) impaired insulin secretion. Intense research has been devoted 
to each of these areas, independently, in order to determine which abnormality is primary 
and which are secondary. The prevailing view is that a rational therapeutic 

15 pharmacological approach should involve intervention in the insulin resistance to improve 
glucose homeostasis. Suter et al.. Diabetes Care 15: 193-203 (1992). As a result of the 
focus on individual abnormalities, several model therapies were developed to regulate 
glucose homeostasis in Type n diabetic patients. 

When focussing on peripheral rnsuhn resistance, the drug of choice is a 

20 thiazolidinedione, which is a type of insulin-sensitizing agent. Troglitazone (TRG), for 
example, is an orally active anti-diabetic agent of the thiazolidinedione chemical series. 
This drug has been shown to reverse insulin resistance in patients with NIDDM and 
inqjaired glucose tolerance, and can enhance insulin action in numerous genetic and 
acquired rodent models of insulin resistance. The antihyperglycemic effects of TRG result 

25 from its ability to increase insulin dependent glucose disposal and reduce hepatic glucose 
production. It is believed, by enhancing insulin action, TRG treatment results in 
euglycemia at a lower circulating insulin level. In this regard, studies in normal and 
diabetic rodents and human clinical trials have not revealed hypoglycemia as a complication 
of thiazolidiuedione therapy. On the other hand, administration of these drags to normal or 

30 insulin-deficient diabetic animals failed to alter plasma glucose or insulin or glucose 
tolerance, although insulin sensitivity was nevertheless increased. 
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The effects of TRG and other thiazolidinediones on glucose disposal are 
thought to result from insulm sensitization, indicating an absolute requirement for insulin. 
On the other hand, TRG does improve insulin sensitivity as assessed by the 
hyperinsuiinemic clamp. Suter et al., supra. Dose-dependent effects of thiazolidinediones 
5 on plasma insulin and glucose tolerance have been demonstrated in mouse and rat models 
other than the GK rat model. 

Inhibiting giuconeogenesK in vivo would result in a decrease in glycogen 
stores. Following TRG treatment, we presumably begin with a smaller amount of glycogen 
and therefore show a decrease in total hepatic glucose output. It is also possible that TRG 

10 has a direct effect on the glycogenolitic pathway. The exact biochemical mechanism 

r^onsible for this effect is stiE under investigation. In vivo and ex vivo data in the GK rat 
further support the possibility that the effects of this drug on liver and peripheral tissue may 
be independent and different in some respects. 

Thiazolidinedione treatments are based on the assumption that if you focus 

15 on peripheral insulin resistance, increased hepatic glucose production and impaired insulin 
secretion wiU be alleviated in due course. Additionally, determining the optimal dose of 
TZD for increasing insulin sensitivity has been a difficult undertaking. There is an 
additional dilemma that, even at the optimum dose, TZD monotherapy causes heart 
hypertrophy in animal models. Smits et al., Diabetologia 38:116-121 (1995). This side 

20 effect renders TZD monotherapy an undesirable prophylactic measure in the treatment of 
Type n diabetes mellims. 

The other primary approach to treating Type IT diabetes mellitus focuses on 
facilitating insulin secretion, using insulin secretion-potentiatmg agents. The endocrine 
secretions of the pancreatic islets are under complex control not only by blood-borne 

25 metabolites (glucose, amino acids, catecholamines, etc.), but also by local paracrin 
influences. The major pancreatic islet hormones (glucagon, insulin and somatostatin) 
interact amongst then: specific cell types (A, B and D cells, respectively) to modulate 
secretory responses mediated by the aforementioned metabolites. Although insulin 
secretion is predominantly controlled by blood levels of glucose, somatostatin inhibits 

30 glucose-mediated insulin secretory responses. In addition to the proposed inter-islet 
paracrin regulation of insulin secretion, there is evidence to support the existence of 
insulinotropic factors in the intestine. For e^mple, glucose taken orally is a much more 
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potent stimulant of insulin secretion than is a comparable amount of glucose given 
intravenously. 

By focussing primarily on secretion of endogenous insulin, this method relies 
on the assumption that peripheral msulin resistance and mcr^sed hepatic glucose 
production would be regulated by insulm secretion treatments alone. However, of equal 
importance to the effective treatment of non-insulin diabetes mellitos is insulin sensitization 
which is the promotion of glucose utilization by enhanced insulin action. Increasing insulin 
secretion and/or sjmthesis without decreasing insulin resistance has little effect on glucose 
utilization. 

Attempts to address the multiple abnormalities associated with non-insulin 
dependent diabetes mellitus have called for the co-administration of GLP-1 in conjunction 
with glibenclamide, which is a sulphonylurea. See U.S. Patent No. 5,631,224. 
Sulphonylurea derivatives stimulate insulin secretion without an effect on insulin synthesis. 
Sulphonylureas act by closure of ATP-dependent potassium channels and pancreatic bela- 
cells. This leads to depolarization of the plasma membranes with opening of voltage- 
dependent calcium channels with inflow of calcium ions. Calcium ions bind to calmodulin, 
leading to activation of insulin exocytosis in a similar manner to that found after stimulation 
with glucose. In contrast to earlier beliefs, some sulphonylureas, such as glibenclamide, 
may interact with human vascular ATP-dependent channels. This may have consequences 
for vascular responses during ischaemia, which are, at least in part, mediated by ATP- 
dependent pmassium channels. 

During ischaemia in experimental animals, it has been suggested that 
shortening of the action potential exerts a protection effect, thereby reducing contractility, 
oxygen demand and repercussion damage. Under these circumstances sulphonylureas such 
as glibenclamide may inhibit potassium channels in the ischaemic myocardium, and so 
prevent the shortening of the action potential. This may result in less coronary vasodilation, 
more tissue damage and more reperftision arrh5rthmias. 

In light of heart hypertrophy, which is a side effect of TZD and increased 
tissue damage resulting from sulphonylurea administration, a new approach to treating type 
n diabetes mellitiK is needed. The new approach should be a multi-pronged approach to 
the pathophysiology of NIDDM, which is not limited to the treatment of only peripheral 
msulin resistance, or only impaired insulin secretion. The appropriate treatment would 
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ameliorate peripheral insulin resistance, increase hepatic glucose production, and facilitate 
insulin secretion without heart hypertrophy and increased tissue damage. 

SUMMARY OF THE INVENTION 

It therefore is an object of the present invention to provide for the synergistic 
5 use of thiazolidinediones and glucagon-like peptide- 1 agonists, to treat metabolic instability 
associated with non-insulin dependent diabetes mellitus. 

It is another objective of the present invention to provide a method for 
treating non-insulin dependent diabetes mellitus. 

In accomplishing these and other objectives, there has been provided, in 
10 accordance with one aspect of the present invention, a therapeutic method comprised of co- 
administering a pharmacologically effective dose of an insulin secretion-potentiating agent, 
such as an incretin hormone, and a thiazolidinedione, such that blood glucose levels are 
decreased and insulin secretion is increased. In a preferred embodiment, the invention 
includes co-administration of an effective dosage of a thiazolidinedione, such as 
15 troglitazone, and a glucagon-like peptide-1 or a glucagon-like peptide-1 agonist, as an 
I insulin secretion-potentiating agent. 

Thiazolidinediones can be used, in combination with agonists of glucagon- 
like peptide-1, to treat non-insulin dependent diabetes mellitus, optionally with other 
therapies, by improving glycemic control while minimizing side effects, such as heart 
20 hypertrophy, tissue damage and elevated fed-state pi^ma glucose, which are associated 
with TZD and GLP-1 monotherapies. 

The invention includes a method of treating non-insulin dependent diabetes 
mellitus, comprising co-administering an effective dosage of (a) an incretin hormone (b) a 
thiazolidinedione. The incretin hormone used ia this method may be a glucagon-like 
. 25 peptide-1 molecule, for example a GLP-1 analog. Accordingly, the invention includes this 
method of treating, where the incretin hormone is an agonist selected from the group 
consisting of Glucagon-Like Peptide- I(7-37)OH, Glucagon-Like Peptide- lC7-36)amide, 
VAL«-GLP-l(7-37), GLY'-GLP-l(7-37), THR*-GLP-l(7-37), MET*-GLP- 1(7-37). and IP'. 
The TZD used in the method of the invention may be selected from the group consisting of 
30 pioglitazone, troglitazone, rosiglitazone and TZD 300512. 



wo 00/78333 PCT/US00/15S48 

In another embodiment, the invention includes a method of treating non- 
insulin dependent diabetes mellitus, comprising co-administering an effective dosage of (a) 
an incretin hormone (b) a thiazolidinedione, where the effective dosage of the incretin 
hormone is in the range of about 20 to about 100 }ig per day. In another embodiment, the 
5 effective dosage of the TZD is m the range of about 0. 1 to about 200 milligrams per day 

In another embodiment, the insulin secretion-potentiating agent and the TZD 
are administer^i simultaneously, in a method of treating non-insulin dependent diabetes 
mellims, comprising co-administering an effective dosage of (a) an incretin hormone (b) a 

^ thiazolidinedione. In yet another embodiment of a method of treating NIDDM, the incretin 

10 hormone and the TZD are administered sequentially. 

The present invention also includes a method of treating non-insulin 
dependent diabetes mellitus, comprising co-administering an effective dosage of (a) a 
thiazolidinedione and (b) a glucagon-like peptide-1 agonist, such that blood glucose levels 
are decreased and msulin secretion is increased. 

15 The invention also includes an insulinotropic formulation comprising (a) an 

I incretin hormone, (b) a TZD, and (c) a pharmaceutically acceptable carrier. In another 
embodiment, the incretin hormone of the inventive formulation is a glucagon-like peptide-1 
molecule. In yet another embodiment, the formulation comprises an incretin hormone that 
is an agonist selected from the group consisting of Glucagon-Like Peptide- l(7-37)OH, 

20 Glucagon-Like Peptide-l(7-36)amide, VAL^-GLP-l(7-37), GLY«-GLP-l(7-37), THR'- 
GLP-l(7-37), MET^-GLP-l(7-37), and IP'. In another embodunent, the insulinotropic 
formulation of the invention comprises a TZD selected from the group consisting of 
pioglitazone, troglitazone, rosiglilazone and TZD 300512. 

The invention also includes a composition of matter comprising (i) a 

25 container suitable for holding a solution to be infused in a patient, (ii) a liquid preparation 
comprising an amount of an incretin hormone in a pharmaceutically acceptable carrier such 
that said preparation represents an incretin hormone dosage of between about 5 to about 
200 jig per day and (iii) instructions on infusing a patient with said preparation, said patient 
suffering from non-insulin dependent diabetes mellitus, such that said patient receives an 

30 infusion of said dosage of said preparation. In another embodiment of the mvention, the 
instructions in the composition further direct administering a therapy to said patient prior to 
or concomitantly with said mfiising, said therapy targeting a specific disease state. In one 
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embodiment, the incretin hormone of the composition of the invention is a glucagon-Iike 
peptide-1 molecule. In another embodhnent, the incretm hormone of the composition is an 
amide agonist selected from the group consisting of Glucagon-Like Peptide-l(7-37)OH, 
Glncagon-Like Peptide- l{7-36)amide, VAL*-GLP- 1(7-37), GLY*-GLP-l(7-37), THR»- 
5 GLP-l(7-37), MFr-GLP-l(7-37), and IP'. 

In anoHier embodiment, the invention includes a composition of matter 
comprising (i) a container suitable for holding a solution to be infused in a patient, (ii) a 
liquid preparation comprising an amount of an incretin hormone in a pharmaceutically 
acceptable carrier such that said preparation represents an mcretin hormone dosage of 

10 between about 20 to about 200 |ig per day and (iii) mstructions on infusing a patient with 
said preparation, said patient suffering from non-insulin dependent diabetes mellitus, such 

- that said patient receives an infusion of said dosage of said preparation, and (iv) a second 
preparation comprising an amount of a TZD in a pharmaceutically acceptable carrier such 
that said second preparation represents a TZD dosage of between about 0. 1 to about 200 

15 milligrams per day. In another embodiment, the second preparation is a liquid. In yet 
another embodiment, the TZD in the composition is selected from the group consisting of 
pioglitazone, troglitazone, rosiglitazone and TZD 300512. 

The mvention also includes a composition of matter comprising (i) a 
container suitable for holding a solution to be infused in a patient, (ii) a liquid preparation 

20 comprising an amount of an mcretin hormone in a pharmaceutically acceptable carrier such 
that said preparation represents an incretin hormone dosage of between about 20 to about 
200 jxg per day and (iii) instructions on infusing a patient such that said patient's blood 
glucose level is decreased and insulin secretion is increased. 

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In accordance with the present mvention, TZD and its pharmacologically 
active derivatives can be used, in combination with GLP-1 and its agonists, to treat non- 
insulin dependent diabetes by improving glycemic control while minimizing side effects, 
30 such as heart hypertrophy and elevated fed-state plasma glucose, which are associated with 
both TZD and GLP-1 monotherapies. This therapeutic approach can be employed with 

other therapies which utilize, for example, proteins, sulphonylmreas, biguanides, and/or 2- 

? 
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glucosidase inhibitors, to improve glycemic controi and to minimize the side effects 
associated with individual therapies. 

Thiazolidinediones and GLP-1 agonists have undergone evaluation for 
efficacy in treating type 11 diabetes. Thiazolidinediones have been shown, in several 
5 insulin-resistant type n animal models, to alter carbohydrate and glucose metabolism 
favorably, ameliorating insulin resistance. In addition to increasing insulin sensitivity, 
TZD also causes heart hypertrophy at optimal doses in animal models. By contrast, GLP-1 
agonists, such as IP', are anti-diabetic due to their glucose-dependent insulin-releasing 
activity. In recent studies in type U diabetic patients, infusion of GLP-1 reduced post-meal 

10 glucose excursions, reduced meal-relat«i insulin requirements, and lowered glucagon 
levels; however, increased tissue damage resulted. 

As demonstrated in the present specification, the synergistic use of a TZD, 
and a GLP-1 agonist, has led to favorably unexpected results. Studies were designed to 
evaluate the effects of a GLP-1 agonist and a TZD, as a combination therapy, on glucose 

15 metabolism, and on occiu-rence of heart hypertrophy associated with TZD monotherapy, in 
diabetic rats. The data showed that the heart hypertrophy associated with TZD 

- monotherapy w^ prevented when a TZD w^ administered in conjunction with a GLP-1 
agonist. The improvement was statistically significant, using a T-test. Thus, this novel 
method prevented the cardiovascular effects associated with insulin-stimulating agents 

20 Furdiermore, as detailed herein, the plasma glucose levels of diabetic rats 

treated with GLP-1 and TZD monotherapies increased over a 42-day treatment period. In 
contrast, when a TZD and GLP-1 were. co-administered, rats showed a slight decrease in 
plasma glucose levels followed by a steady-state level over the course of the 42-day 
treatment. Thus, the novel combination therapy of the present invention enhances glycemic 

25 control, but does not cause heart hypertrophy, in diabetic rats. 

Accordingly, the co-administration of a TZD and a GLP-1 molecule should 
augment regulation of glucose homeostasis in human NIDDM patients, without the side 
effects associated with insulin secretion-potentiating and insulin-sensitizing agents. 
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I. TERMS 

The foliowing tenns are used in this application: 

Co-administration - As used in this application, "co-administration" means 
5 the administration of two or more compoimds to the same patient, within a time period of 
up to about three to about four hours. For example, co-admitiistration encompasses (1) 
simultaneous administration of a first and second compound; (2) admioistration of a first 
compound, followed by administration of a second compound about 2 hours after 
administration of the first compound; and (3) administration of a first compound, followed 
10 by administration of a second compound about 4 hours after administration of the first 
compound. As described herein, the present invention encompasses co-administration of a 
TZD and a GLP-1 molecule to a patient suffering from non insulin-dependent diabetes 
mellims. 

Insulin secretion-potentiating agent: Any compound, which stimulates the 
15 secretion of insulin whether the con:q)ound has an effect on insulin synthesis, or not. The 
most common mechanism by which these confounds stimulate insulin is by various effects 
on ATP-dependent potassium channels in pancreatic-beta cells. Insulin secretion- 
: potentiating agents are typically sulphonylureas, non-sulphonylurea insulin secretagogues, 
or incretin hormones. 

20 Incretin hormone: Any hormone that is released after meals and potentiates 

insulin secretion during the post-prandial phase. Examples of such a hormone include GIP 

(gastric inhibitory peptide), GLP-1 (7-36) and GLP-1 (7-37). 

Glucagon-Like Peptide-1 (GLP-I): An insulinotropic fragment of the 

proglucagon molecule. Two shorter forms of GLP-1, the (7-37) and (7-36) amides, are 
25 strong glucose-dependent stmiulators of insulin secretion, as demonstrated in vitro and in 

vivo. 

Insulinotropic: The ability of a substance to stimulate or cause the 
stimulation of, the synthesis, expression and/or mobilization of the hormone insulin. 

Thiazolidlnediones (TZDs): A class of compounds which work by 
30 enhancing insulin action and promoting glucose utilization in peripheral tissue. TZDs 

include compoimds known in the art as "TZD derivatives." TZDs have no effect on insulin 
secretion. They apparently work by enhancing insulin action and thus promoting glucose 



utaization in peripheral tissues, possibly by stimuiating non-oxidative glucose metabolism 
in muscle, and suppressing gluconeogenesis in the liver. The chemical compounds that 
comprise the Thiazolidinedione (TZD) class of compounds is exceptionally large. See, for 
example, Bowen, et al. Metabolism 40:1025 (1991); Chang, et al Diabetes 32:630 (1983); 
5 Colca, et al. Metabolism 37:276 (1988); Diani, et al. Diabetologia 27:225 (1984); Fujita, 
et al. Diabetes 32:804 (1983); Fujiwara, et al. Diabetes 37:1549 (1988). Exemplary of the 
family of thiazolidinediones are troglitazone, ciglitazone, pioglitazone (see U.S. Pat. Nos. 
AMUll and 4,287,200), engUtazone, CS-045[(±)-5[4-(6-hydroxy-2, 5,7,8- 
tetramethyichroman-2-YL-methoxy) benzyl] -2,4-thiazoIidinedione], TZD 300512, and 
10 BRL 49653. 

Preferred TZDs of the present invention include pioglitazone, troglitazone, 
rosiglitazone, and TZD 300512. 

Preparation: The formulation of the active compound with encapsulating 
material as a carrier providing a capsule in which the active component with or without 

15 other carriers, is surrounded by a carrier, which is thus in association with it. This 

includes tablets, powders, capsules, pills, cachets, and lozenges which can be used as solid 
dosage forms suitable for oral admioistration. 

Effective dosage: An effective dosage is the amoimt of a compound that 
prevents or ameliorates adverse conditions or symptoms of disease(s) or disorder(s) being 

20 treated. With respect to thiazolidmediones, effective dosage means a pharmacological dose 
in the range of about 0. 1 mg/day to about 200 mg/day . A preferred dosage range is about 
50 mg/day to about 200 mg/day. The skilled artisan will understand and appreciate that the 
effective dosage of a given TZD will vary with the potency of the TZD. With respect to 
GLP-1 molecules and other insulin-secretion potentiating agents, effective dosage is in the 

25 range of about 20 to about 100 (ig/day. The preferred range is about 30 to about 50 
ug/day. The sldlled artisan will understand and appreciate that the effective dosage of a 
given GLP-1 molecule will depend on the potency of the particular molecule that is used. 



30 



n. GLP-1 MOLECULES 

Glucagon-like peptide-1 (GLP-1) and analogs thereof potentiate insulm 
secretion, and have been suggested to have an effect on glucose utilization in peripheral 
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tissues. GLP-1 and analogs thereof are known in the art. See, for example, U.S. Patent 
No. 5,705,483. As used in the present specification, the term "GLP-1 molecule" refers to 
naturally-occurring GLP-1 (7-36)NH2, GLP-1 (7-37), namral and unnatural functional 
analogs, variants, and derivatives thereof, and salts thereof. These molecules are described 
5 in more detail below. 

The human hormone glucagon is a 20-amino acid peptide hormone produced 
in the A-cells of the pancreas. The hormone belongs to a multi-gene family of structurally 
related peptides that include secretion, gastric inhibitory peptide, a vasoactive intestine 
peptide and glicentin. These peptides variously regulate carbohydrate metabolism, 

10 gastrointestinal mobility and secretory processing. The principle recognized actions of 
pancreatic glucagon, however, are to promote hepatic glycogenolysis and glyconeogenesis, 
resulting in an elevation of blood sugar levels. In this regard, the actions of glucagon are 
counter regulatory to those of insulin and may contribute to the hyperglycemia that 
accompanies diabetes mellitus. Lund et al., Froc. Natl. Acad. Sci. USA 79: 345-49 (1982). 

15 Glucagon has been found to be capable of binding to specific receptors, 

which lie on the surface of insulin producing cells. Glucagon, when bound to these 
receptors, stimulates the rapid synthesis of cAMP by these cells. cAMP, in turn, has been 
found to stimulate insulin expression Korman et aL, Diabetes 3A:1\1~121 (1985). Insulin 
acts to inhibit glucagon synthesis, Ganong, Review of Medical Physiology 273 (1979). 

20 Thus, the expression of glucagon is careMly regulated by insulin, and ultimately by the 
serum glucose level. 

The glucagon gene is initially translated from a 360 base pair precursor to 
form the polypeptide preproglucagon, Lund et al., Proc. Natl. Acad. Sci. U.S.A. 79:345- 
349 (1982). This polypeptide is subsequently processed to form proglucagon. Patzlet et 

25 al., Nature 282:260-266 (1979), demonstrated that proglucagon was subsequentiy cleaved 
into glucagon in a second polj^eptide. Subsequent work by Lund et al., Lopez et al.. 
Proc. Natl. Acad. Sci. U.S.A. 80:5485-5489 (1983), and Bell et al.. Nature 302:716-718 
(1983), demonstrated that the proglucagon molecule was cleaved immediately after lysine- 
arginine dipeptide residues. S todies of proglucagon produced by channel catfish (ictalurus 

30 punctata) indicated that glucagon from this animal was also proteolytically cleaved after 

advanced lysme-argmine dipeptide residues, Andrews et al., J. Biol. Chem. 260:3910-3914 
(1985), Lopez et al, Proc. Natl. Acad, Sci. U.S.A., 80:5485-5489 (1983). 
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Bell et al., supra, discovered that mammalian proglucagon was cleaved at 
lysine-arginine or arginine-dipeptides, and demonstrated that the proglucagon molecule 
contained three discrete and highly homologous peptide molecules which were designated 
glucagon, glucagon-like peptide 1 (GLP-1) and glucagon-like peptide 2 (GLP-2). Lopez et 
5 al., concluded that GLP-1 was 37 ammo acid residues long and that GLP-2 was 35 amino 
acid residues long. Analogous studies on the structure of rat preproglucagon revealed a 
similar pattern of proteolytic cleavage between adjacent lysine-arginine or arginine-arginine 
dipeptide residues, resulting in the formation of glucagon, GLP-1 and GLP-2 Heinrich et 
al. Endocrinology 115:2175-2181 (1984). Human, rat, bovine and hamster sequences of 

10 GLP-1 have been found to be identical Ghiglione et al., Diabetologia 27:599-600 (1984). 

The conclusion reached by Lopez, et al., regarding the size of GLP-1 was 
confirmed by the work of Uttenthal et al. J. Clin. Endocrinol. Metabol. 61:472-479 
(1984). Uttenthal et al., examined the molecular forms of GLP-1 which were present in 
the human pancreas. The research shows that GLP-1 and GLP-2 are present in the 

15 pancreas as 37 ammo acid and 34 amino acid peptides, respectively. 

The similarity between GLP-1 and glucagon suggested to early investigators 
that GLP-1 might have biological activity. Although some investigators found that GLP-1 
could induce rat brain cells to synthesize cAMP Hoosein et al., FEBSLett. 178:83-86 
(1984), other investigators failed to identify any physiological role for GLP-1, Lopez et al, 

20 supra. The failure to identify any physiological role for GLP-1 caused some investigators 
to question whether GLP-1 was in fact a hormone and whether the relatedness between 
glucagon and GLP-1 might be artifactoal. 

It is now known that the various disclosed forms of GLP-1 are known to 
stimulate insulin secretion (insulinotropic action) and cAMP formation, see, e.g., Mojsov, 

25 Int. J. Peptide Protein Research 40:333-343 (1992). More unportantly, multiple authors 
have demonstrated the nexus between laboratory experimentation and mammalian, 
particularly human, insulinotropic responses to exogenous administration of GLP-1, 
particularly, GLP-1 (7-36) NHa and GLP-1 (7-37), see, e.g., Nauck et al, Diabetologia 
36:741-744 (1993); Gutniak et al.. New England J. of Medicine 326 (20): 13 16-1322 

30 (1992); Nauck et al, J. Clin. Invest. 91:301-307 (1993); and Thorenes et al. Diabetes 
42:1219-1225 (1993). 
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25 



GLP-1 <7-36)NH2 is well known in the art, but is presented here as a 
convenience to the reader: His'-Ala-Glu-GIy'°-Thr-Phe-Thr-Ser-Asp'^-Val-Ser-Ser-Tyr- 
I^u'°-Glu-Gly-Ghl-Ala-Ala"-Lys-Glu-Phe-Ile-Ala'°-Trp-Leu-Val-Lys-Gly^^-Arg-^ra2(SEQ 
ID NO:l). 

For GLP-1 (7-37), the carboxy-terminal amide functionality of Arg^^ is 
displaced with Gly at the 37th position of the GLP-1 (7-36)NH2 molecule. In addition, the 
existence and preparation of a multitude of protected, unprotected, and partially protected 
natural and unnatural functional analogs and derivatives of GLP-1 (7-36)NH2 and GLP-1 
(7-37) molecules have been described in the art. See, for example, U.S. Pat. Nos. 
5,120,712 and 5,118,666; and Orskov, C, et aL, J. Biol Chem., 264(22):12826 (1989) 
and WO 91/11457 (Buckley, D. I., et aL, published August 8, 1991). 

Variants of GLP-1 (7-37) and analogs thereof also have been disclosed. 
These variants and analogs include, GLN'-GLP-l (7-37), D-GLN^-GLP-1 (7-37), acetyl 
LYS'-GLP-l (7-37), THR'^-LYS'^-GLP-1 (7-37), LYS^«-GLP-1 (7-37), and GLP (7-37) 
OH (a/k/a IL7), and the like, and derivatives thereof including, for example, acid addition 
salts, carboxylate salts, lower alkyl esters, and amides. See, for example, W091/11457. 
Preferred GLP-l(7-37) analogs of the present invention include VAL*-GLP-l(7-37), GLY*- 
GLP-l(7-37), THR*-GLP-l(7-37), MET*-GLP- 1(7-37), and IP''. "IP'" is a GLP-1 analog 
that is 4-nnidazopropionyl-GLP-l (7-37)0H. Throughout this specification, this 4-imidazo 
compound is referred to as "IP''-GLP-l(7-37)OH" or "IP'". This analog is acmally 
desaminohistidyi at the 7 position (amino terminus) of GLP-l(7-37)OH. This compound, 
and its synthesis, is described in U.S. Patent No. 5,512,549. 

ffl. NOVEL COMPOSITIONS OF THE INVENTION 



The fundamental defects identified as causing hyperglycemia and non-insulin 
dependent diabetes are unpaired secretion of endogenous insulin and resistance to the 
effects of msulmby muscle and liver, see Galloway, Diabetes Care 13:1209-1239 (1990). 
The latter defect results in excess production of glucose by the liver. Thus, whereas a 
30 normal individual releases glucose at the rate of approximately 2 mg/kg/minute, m patients 
with non-insulin dependent diabetes, this amount usually exceeds 2.5 mg/kg/minute, 
resulting in a net excess of at least 70 grams of glucose per 24 hours. Because there exists 
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an exceedingly high correlation between hepatic glucose production, fasting blood glucose 
and overall metabolic control (as assessed by glycohemoglobin levels), Galloviray, supra; 
and Galloway et aL. Clin. Therap. 12:460-472 (1990), it was apparent to researchers that 
control of the fasting blood glucose is a sine qua non for achieving overall normalization of 
5 metabolism sufficient to prevent the complication of hyperglycemia. In view of the fact 
that present forms of insulin rarely normalize hepatic glucose production without producmg 
significant hyperinsulinemia and hypoglycemia. Galloway and Galloway et aL, supra, 
alternative approaches are needed. 

The present invention relates to the unexpected discovery that co- 

10 administration of a TZD and a GLP-1 molecule exerts synergistic beneficial effects on 

glucose levels, insulin levels, and heart weight, in diabetic mammals. As discussed herein, 
"co-administration" means the administration of two or more compounds to the same 
patient, within a time period of up to about three to about four hours. 

Pharmaceutical formulations of the TZD and GLP-1 molecules can be 

15 prepared according to known methods. The GLP-1 molecule and the TZD can be prepared 
together or preferably in separate steps. The preferred route of administering the GLP-1 
molecule is parenteral administration. The preferred route of administering the TZD is 
mucosal administration, most preferably oral administration. However, it is possible to 
administer both the GLP-1 molecule and the TZD via parenteral administration. If a TZD 

20 is administered parenterally, the skilled artisan will understand and appreciate that those 
techniques described below for preparmg a GLP-1 molecule can be used to prepare a 
parenteral formulation of a TZD. 

A. Insulin-secretion potentiating agent 

The uisulin secretion-potentiating agent, such as an incretm hormone, is 
25 combined in admixture with a pharmaceutically acceptable carrier vehicle. Suitable 

vehicles and their formulation, inclusive of other human proteins, such as human serum 
albumin, are described in Remmgton's PHARMACEUTICAL SCIENCES, 16* ed. (1980), 
for example. In order to form a pharmaceutically acceptable composition suitable for 
effective administration, such compositions will contam an effective amount of an agent, 
30 such as a GLP-1 molecule, together with a suitable amount of carrier vehicle. 

Compositions containing a GLP-1 molecule may be administered 
intravenously, intramuscularly, subcutaneously or by pulmonary routes, such as inhalation. 
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Dosages may be in the in the range of from about 20 to about 100 ng/day, although a iower 
or higher dosage may be administered, if appropriate. A preferred dosage range for a 
GLP-1 molecule is about 30 to about 50 ug/day. The required dosage may depend upon the 
severity of the condition of the patient and upon such criteria as the patient's height, 
5 weight, sex, age, and medical history. 

For the purpose of parenteral administration, compositions containing a 
GLP-1 molecule are dissolved in distilled water and the pH-value is adjusted to about 6 to 
8. In order to facilitate the lyophilization process resulting in a suitable product, a sugar 
such as lactose could be added to the solution. The solution is then filter sterilized, 

10 introduced into vials, and lyophilized. The concentration of the GLP-1 molecule in these 
compositions may vary from 10'*^ M to 10'^ M. 

Additional pharmaceutical methods may be employed to control the duration 
of action. Controlled release preparations may be achieved by the use of polymers to 
complex or absorb GLP-1 molecules. The controlled delivery may be exercised by 

15 selecting appropriate macromolecules, such as polyesters, polyamino acids, polyvioyl 
pyrrolidone, ethylenevmylacetate, methycellulose, carboxymethylcellulose and proamine 
sulfate, and the concentration of macromolecules, as well as the methods of incorporation 
of macromolecules, m order to control release. Another approach for controlling the 
duration of action via controlled release entails incorporating GLP-1 molecules into 

20 particles of a polymeric material, such as a polyesters, a polyamino acid, a hydrogel, a 

polylactic acid, or an ethylene vmyiacetate polymer. Alternatively, it is possible to entrap a 
GLP-1 molecule in microcapsules prepared, for example, by coacervation techniques or by 
interfacial polymerization, for example, hydoxymethylcellulose or gelatin-microcapsules, 
respectively, or in colloidal drug delivery systems, for example, liposomes, albumin 

25 microspheres, microemulsions, nanoparticles, and nanocapsules or in macroemulsions. 
Such teachmgs are disclosed m Remington's PHARMACEUTICAL SCIENCES, supra. 

B. TZDs 

For preparing pharmaceutical compositions from a TZD, pharmaceutically 
30 acceptable carriers can be either solid or liquid. Solid form preparations include powders, 
tablets, pills, capsules, cachets, suppositories, and dispersible granules. A solid carrier can 
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be one or more substances which may also act as diluents, flavoring agents, binders, 
preservatives, tablet disintegrating agents, or an encapsulating material. 

In powders, the carrier is a finely divided solid which is in a mixture with 
the finely divided active component. In tablets, the active component is mixed with the 
carrier having the necessary bmding properties in suitable proportions and compacted in the 
shape and size desired. The powders and tablets preferably contain from five or ten to 
about seventy percent of the active compound. Suitable carriers are magnesium carbonate, 
magnesium stearate, talc, sugar, pectin, dextrin, starch, gelatin, tragacanth, 
methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the 
like. 

For preparing suppositories, a low melting wax, such as mixture of fatty acid 
glycerides or cocoa butter, is first melted and the active component is dispersed 
homogeneously therein, as by stirring. The molten homogenous mixture is then poured 
into convenient sized molds, allowed to cool, and thereby to solidify. 

Liquid form preparations include solutions, suspensions, and emulsions, for 
example, water or water propylene glycol solutions. For parenteral injection liquid 
preparations can be formulated in solution in aqueous polyethylene glycol solution. 

Aqueous solutions suitable for oral use can be prepared by dissolving the 
active component in water and adding suitable colorants, flavors, stabilizing and thickening 
agents as desired. Aqueous suspensions suitable for oral use can be made by dispersing the 
finely divided active component in water with viscous material, such as natural or synthetic 
gums, resins, methycellulose, sodium carboxymethylcellulose, and other well-known 
suspending agents. 

Also included are solid form preparations which are intended to be 
converted, shortly before use, to liquid form preparations for oral administration. Such 
liquid forms include solutions, suspensions, and emulsions. These preparations may 
contain, in addition to the active component, colorants, flavors, stabilizers, buffers, 
artificial and natural sweeteners, dispersants, thickeners, solubilizmg agents, and the like. 

The pharmaceutical preparation is preferably in unit dosage form. In such 
form the preparation is subdivided mto unit doses contaming appropriate quantities of the 
active component. The unit dosage form can be a packaged preparation, the package 
containing discrete quantities of preparation, such as packeted tablets, capsules and 
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powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, 
or lozenge itself, or it can be the appropriate number of any of these in packaged form. 

The quantity of active component in a unit dose preparation may be varied or 
adjusted from about 50 jxg to about 100 mg, more usually from about i mg to about 10 mg 
5 of the active ingredient, according to the particular ^plication and the potency of the active 
compound. The composition can, if desired, also contain other compatible therapeutic 
agents, in addition to a TZD. 

Dosages may be in the in the range of from about 0.1 to about 200 mg/day, 
although a lower or higher dosage may be administered, if appropriate. A preferred dosage 
10 range for a TZD is about 50 to about 200 mg/day. The required dosage may depend upon 
the severity of the condition of the patient and upon such criteria as the patient's height, 
weight, sex, age, and medical history. 

C. Co-Administration 

15 The present invention contemplates using TZD and TZD derivatives in 

combination with GLP-1 agonists, to regulate glucose homeostasis in type II diabetes 

; patients. This therapeutic approach can be employed with other therapies, using proteins, 
sulphonylureas, biguanides, and/or 2-glucosidase inhibitors, for example, to improve 
glycemic control and to minimize the side effects associatai with individual therapy. 

20 More generally, the present invention will find application in the treatment of 

at-risk individuals, such as those with impaired glucose tolerance, to prevent, delay or treat 
the onset of NIDDM and complications arising therefrom. To these ends, compounds are 
co-admmistered, as described above, either together or in a stepwise fashion, along with a 
pharmaceutically acceptable carriers at the initial dosage of about 0. 1 to about 200 mg/day 

25 of the TZD and about 20 to 100 p.g/day of the insulin secretion-potentiating agent. A 

preferred daily dosage range is about 50 to about 200 mg/day for the TZD and about 30 to 
about 50 fig/day of the insulin secretion-potentiating agent. The dosages may be varied, 
however, depending upon the requirements of the patient, the severity of the condition 
being treated, and the particular compounds employed. 

30 Thus, determination of the proper dosage for a particular situation is within 

the skill of the art. In general, treatment is initiated with smaller dosages which are less 
than the optimum dose of the compounds. Thereafter, the dosage is increased by small 
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increments untU the optimum effect under the circumstances is reached. For convenience, 
the total daily dosage may be divided and administered m portions during the day, if 
desired. 

The features disclosed in the present description, examples and claims, both 
separately and in combination thereof, are material for realizing this invention and diverse 
forms thereof. The invention is further illustrated by the following examples, which are 
not to be construed as limiting, but merely as an illustration of some preferred features of 
the invention. 



EXAMPLE 1 

Synergistic Effect of a TZD Derivative and GLP-1 Molecule Co-Administration on 
Heart Weight, Blood Glucose and Insulin Levels 



Thiazolidinediones have been shown in several insulin resistant type II 
animal models to favorably alter carbohydrate and lipid metabolism, ameliorating insulin 
resistance. TZD300512{TZD) is a potent thiazolidinedione. See European Patent 
Application EP 0 177 353. In addition to increasing insulin sensitivity, TZD also increases 
body weight and causes heart hypertrophy at optimal doses. In contrast, GLP-l<7-37)OH is 
antidiabetic due to its potent glucose-dependent insuUn-releasing activity. In recent studies 
in Type II diabetic patients, infusion of . GLP-1 reduced both post-meal glucose excursions, 
reduced meal-related insulin requirements, and lowered glucagon levels. 

This smdy was designed to evaluate the effects of using a combination of 
sub-optimal doses of a TZD and a GLP-1 agonist on glucose metabolism and in addition, if 
this combination therapy would prevent occurrence of heart hypertrophy that is associated 
witii optimal doses of TZD derivatives. Eight week old Zucker Diabetic Fatty (Genetic 
Models, Inc.) rats (ZDF) weighing about 350 grams were used in this study. Animals were 
allowed free access to water, and Purina Formulab 5008 chow. TZD 300512 was 
administered as 0.00006% diet admixture while IP'-GLP-l (7-37)OH, a GLP-i agonist, 
was infused subcutaneously at a constant rate of 0.06 ug/min via implanted Aztet pumps. 
The duration of study was seven weeks, and food consumption and body weight were 
monitored daily. Plasma glucose and insulin levels were measured weekly, and Glycated 
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hemoglobin Ale was measured at the end of the stody 
at the end of the study. 

The data from these studies, which is summarized in Table I, demonstrates 
enhanced glucose control in the ZDF rat with co-administration of suboptimal doses of IP^ 
and TZD without causing heart hypertrophy. Table 1 simimarizes final rat weight, daily 
food intake, plasma glucose levels, plasma insulin levels, Hbalc, and heart weight. Values 
were rounded off to the nearest decimal point. Overall, the data in Table 1 demonstrates 
enhanced glycemic control without an increase m heart size at sub-optimal doses of TZD 
and GLP-1 agonist combination therapy. 



Table 1 - Summary of Data 











Control 


TZD 


TZD + IP' 


IP' 


Weight(g) 


414.6±8.2 


510.7±13.5 


498.4±5.8 


414.7±7.9 


Food Int(g/d) 


37.9±1.7 


37.3 ±1-4 


34.3±0.9 


30.4±1.2 


Glucose(mg/dl) 


639.2±29 


330.0+60.5 


166.2+13.3 


367.5+58.0 


Insulin(ng/ml) 


4.61±1.2 


19.7±3.4 


19.9±1.5 


13.0±2.9 


Hbalc(%) 


12.9±0.3 


8.2±1.1 


5.0±0.21 


9.5±1.0 


Heart wt(g) 


1.2±0.5 


1.3+0.5 


1.2±0.01 


1.2 ±0.03 



Heart weight was not significantly increased in the TZD/IP' group, 
compared to the control group, and heart weight in the TZD/IP' group was lower than in 
rats treated with TZD alone. Therefore, the heart hypertrophy associated with TZD 
monotherapy was prevented when TZD was administered in conjunction with a GLP-1 
agonist. Moreover, there were none of the adverse cardiovascular effects associated with 
insulin-stimulating agents. For example, see Smits et al., Diabetologia 38: 116-121 
(1995). 

In contrast to the diabetic rat control, glucose levels were lowest in the 
TZD/IP' group. In particular, the fed state plasma-glucose levels of diabetic rats treated 
with TZD and GLP-1 agonist monotherapy were 51.6% and 57.5% of control levels, 
respectively, over a 42-day treatment period. In contrast, glucose levels in rats treated with 

if 
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TZD and GLP-1 co-administration were 26% of control levels, which demonstrates a 
significant improvement in plasma glucose control. Furthermore, during these 
experiments, a slight decrease in plasma glucose levels was observed, followed by a steady- 
state level over the course of the 42-day treatment. 

5 Finally, compared to the non-treated groups, insulin levels were preserved in 

the groups treated with TZD, suggesting prevention of deterioration of beta cells with 
therapy. 

The present invention may be embodied in other specific forms without 
- departing from its spirit or its central characteristics. The described embodiments are to be 
10 considered in all respects only as illustrative and not restrictive. The scope of the invention 
is, therefore, indicated by the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of equivalency of the claims are to 
be embraced within their scope. 
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What is claimed is : 

1. A metiiod of treating non-insulin dependent diabetes mellitus, 
comprising co-administering an effective dosage of (a) an incretin hormone (b) a 
thiazolidinedione. 

2. A method according to claim 1, wherein the incretin hormone is a 
glucagon-like peptide- 1 molecule. 

3. A method according to claim 1, wherein the incretin hormone is an 
agonist selected from the group consisting of Glucagon-Like Peptide-l(7-37)OH, Glucagon- 
Like Peptide-l(7-36)amide, VAL«-GLP- 1(7-37), GLY*-GLP- 1(7-37), THR«-GLP- 1(7-37), 
MET*-GLP-l(7-37), and IP\ 

4. A method according to claun 2, wherein the glucagon-like peptide-1 
molecule is a GLP-1 analog. 

5. A method according to claim 1, wherein the thiazolidinedione is 
selected from the group consisting of pioglitazone, ttoglitazone, rosiglitazone and TZD 
300512. 

6. A method according to claim 1, wherein the effective dosage of the 
incretin hormone is in the range of about 20 to about 100 p-g per day. 

7. A method according to claim 1, wherein the incretin hormone and the 
TZD are administered simultaneously. 

8. A method according to claim 1, wherein the incretin hormone and the 
TZD are administered sequentially. 

9. A method according to claun 1, wherein the effective dosage of the 
TZD is in the range of about 0. 1 to about 200 milligrams per day. 
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10. A method according to claim 1, comprising co-administering a 
effective dosage of (a) a thiazolidinedione and (b) a glucagon-like peptide- 1 agonist, such 
that blood glucose levels are decreased and insulin secretion is increased. 

11 . An insulinotropic formulation comprising (a) an incretin hormone, (b) 
a TZD, and (c) a pharmaceutically acceptable carrier. 

12. An insulinotropic formulation according to claim 11, wherein the 
incretin hormone is a glucagon-like peptide- 1 molecule. 

13. An insulmotropic formulation according to claim 12, wherein the 
incretin hormone is an agonist selected from the group consisting of GIucagon-Like 
Peptide-l(7-37)OH, Glucagon-Like Peptide-l(7-36)amide, VAL^-GLP-l(7-37), GLY^- 
GLP-l(7-37), THR«-GLP-l(7-37). MET*-GLP- 1(7-37), and IP^ 

14. An insulinotropic formulation according to claim 11, wherein the 
TZD is selected from liie group consisting of pioglitazone, troglitazone, rosiglitazone and 
TZD 300512. 

15. A composition of matter comprising (i) a contaioer suitable for 
holdmg a solution to be infused in a patient, (ii) a liquid preparation comprising an amount 
of an incretin hormone in a pharmaceutically acceptable carrier such that said preparation 
represents an incretin hormone dosage of between about 20 to about 200 jig per day and 

5 (iii) instructions on infusing a patient with said preparation, said patient suffering from non- 
insulin dependent diabetes mellims, such that said patient receives an infusion of said 
dosage of said preparation. 

16. A composition according to claim 15, wherein said instructions 
farther direct administering a therapy to said patient prior to or concomitantly with said 
infusing, said therapy targeting a specific disease state. 
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17. A composition according to claim 15, wherein the inaretin hormone 
is a glucagon-like peptide-1 molecule. 



18. A composition according to claim 15, wherein the incretin hormone 
is an agonist selected from the group consisting of Glucagon-Like Peptide-l(7-37)OH, 
Glucagon-Like Peptide- l(7-36)amide, VAL^-GLP- 1(7-37), GLY«-GLP- 1(7-37), THR«- 
GLP-l(7-37), MEr-GLP-l(7-37), and IP^ 



19. A composition according to claim 15, wherein said composition 
further comprises a second prq)aration comprising an amount of a TZD in a 
pharmaceutically acceptable carrier such that said second preparation represents a TZD 
dosage of between about 0. 1 to about 200 milligrams per day. 

20. A composition according to claim 19, wherein said second 
preparation is a liquid. 

21. A composition according to claim 19, wherein said TZD is selected 
from the group consisting of pioglitazone, troglitazone, rosiglitazone and TZD 300512. 



22. A composition of matter comprising (i) a container suitable for 
holding a solution to be infused in a patient, (ii) a liquid preparation comprising an amount 
of an incretin hormone in a pharmaceutically acceptable carrier such that said preparation 
represents a incretin hormone dosage of between about 20 to about 200 \ig per day and (iii) 
instinictions on infusing a patient such that said patient's blood glucose level is decreased 
and insulin secretion is increased. 
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aiSendment specifically referred to above. 

liSfeknowledge the duty to disclose information which is material to patentability as defined in Title 37 Code of Federal Regulations, § 1 .56. 



I hereby claim foreign priority benefits under Title 35, United States Code § 1 19(a)-(d) or § 365(b) of any foreign application(s) for patent or 
Inventor's certificate, or § 365(a) of any PCT intemational application v\*iich designated at least one country other than the United States of 
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's certificate, or of any 
PCT intemational application having a filing date before that of the application on which priority is claimed. 



Country 



□ 
□ 
□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 
□ 
□ 



1 1 Additional foreign application numbers a 


e listed on a supplemental priority sheet attachec 


hereto: 


1 hereby claim the benefit under Title 35, United 


States Code § 1 19(e) of any United States provisional applications(s) listed below. 


Application Number(s) 


Filing Date (MM/DD/YYYY) 


1 1 Additional provisional application 

numbers are listed on a supplemental 
priority sheet attached hereto. 


60/139794 


06/21/1999 
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Please type a plus sign (+) inside tills box 



□ 



PTO/SB/01 (8-96) (MODIFIED) 



DECLARATION 



I hereby claim the benefit under Title 35, United States Code §120 of any United States appllcation(s), or § 365(c) of any PCT international 
application designating the United States of America, listed below and. Insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States or PCT international application in the manner provided by the first paragraph of Title 35, United States Code § 
1 12, 1 acl<nowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations § 1 .56 
which became available between the filing date of the prior application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 



PCT Parent 
Number 



Parent Filing Date 
(MM/DD/YYYY) 



Parent Patent Number 
(if applicable) 



I I Additional U.S. or PCT international application numbers are listed on a supplemental priority sheet attached hereto. 



Attornev Name 


Req. No. 


Attornev Name 




Rea. No. 


Arvie J. Anderson 


,^263— ». 




James J. Kelley _4LSa8, 


Lynn D. Apelgren 


45344- 




Paul J. Koivuniemi 




31,5^ 


Robert A. Amnitage 






Robert E. Lee 






Brian P. Barrett .^9,S9X_ 




Kirby Lee 




P47,74d^ 


Mjehael T. Bates 






James P. Leeds 




"35,241- 


Roger S. Benjamin 






Nelsen L. Lentz 




38,537 


WM\am R. Boudreaux .35^9&~~ 




Janet T. McClaIn " 36JI63- 


Steven P. Cattrider 






Douglas K. Nonnan 




33,261 


Pgfll R. Cantrell 


-36,470- 




Arleen Palmberg 




',40422. 


cSrles E. Cohen 


,34,S65> 




Raymond S. Parker, III 34^393. 


Rabert A. Conrad ^SjOSS- 




Thomas G. Plant 




*''35.784_ 


Qbnald L. Comeglio 






Edward Prein 




'37^12— 


Gregory A. Cox 


P47,5Q4:, 




James J. Sales a3JZ3_- 


Raul R. Darkes 33362= 




Michael J. Sayies 




32235. 


Paula K. Davis 


P4Z.51^ 




Robert L. Sharp 




45,60_9_ 


Elizabeth A. Dawalt 






David M. Stemerick 




"^<3,187_ 


JigHn C. Demeter 






Mark J. Stewart 




43,936 


IVSnishaA. Desai 43,58r- 




Robert D. Titus 




'30,206 


v^nne Lonqo Feeney 


35454^ 




Robert C. Tucker 




"457165 


Paul J. Gaylo 


36,808 




Tina M. Tucker 




•47rr4S_- 


Francis O. Ginah 


'44J*S~ 




MaCharri Vomdran-Jones 




56,71 1_ 


Aajy E. Hamilton 


33.894 




Gilbert T. Voy 




•437972, 


R:^erick D. Hunter "26^115- 




Thomas D. Webster 




•3g:S72 


Thomas E. Jackson 


33,QfiA- 




Lawrence T. Welch 






Charles Joyner ~SQ,A6&- 




Alexander Wilson 




P45,782 


Gerald P. Keleher 


43,707 , 























1 1 Additional 


reg 


stered practitioner(s) named on a supplemental sheet attached hereto. 






Direct all correspondence to: j 


Name 


ELIJJLLYAND COMPANY 


Address 


ATTN: IVIarkJ. Stewart 


Address 


LILLYJDQaPORATE CENTER/DC11Q4 


City 


INDIANAEQLIS> 


State UHDIANA. 1 ZIP 




Country 




Telephone | (31 7) 276-0280 


iFax 


1(317)276-3861 


1 hereby declare that all statements made her 
believed to be true; and further that these stat 
punishable by fine or imprisonment, or both, t 
jeopardize the validly of the aBpHSation or an 


ein of my own knowledge are true and that all statements made on information and belief are 
ements were made with the knowledge that willful false statements and the like so made are 
nder Section 1001 of Title 18 of the United States Code and that such willful false statements may 
/ patent issued thereon. 


Name of Sole o\ First inventor: 


□ A Petition has been filed for tliis unsigned inventor 


Given 1 Fatima 

Name | • — — ^ , 




1 Middle lEmitsei | Family 1 Yakubu-Madus | 
1 Name I — I Name | ■ — | e.g. Jr. j 


'"™"°""»™'"" 1 n^fw^tj^. 1°^ 




Residence: City 


1 Indianapolis'^ 




1 State 1 IN ; 1 Country | US 




Citizenship | (JS 


Address 


"SSOS-TiffiBerline Drive ^ / 


Post Office Address 


SAME AS ABOVE j\/ 






1 Indianapolis 




I State ||N |Zip 146256 | Country 


|US 




Additional Inventors are being named on supplement sheet(s) attached hereto. 
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Please type a plus sign (+) inside ttits box |Tj PTO/SB/01 (8-96) (IVIODIFIED) 

Approved for use througli 9/30/98. OiVIB 0651-0032 
Patent and Trademark Office: U.S. DEPARTIVIENT OF COMIWERCE 

DECLARATION I 



Name of Additional Joint inventoir, if any: 

■T^ „^ J 


1 1 A Petition has been filed for this unsigned inventor 


Given 
Name 


LawrencgX 


Middle Edward Family stramm suffix 

Name ' Name e.g.Jr. 


Inventor's 
Signature 






Residence: City | | 


idi^napolis " / 7M!^*^*^ MN [country lus 


Citizenship {JS 


Address 


9143 Hadway Drive 


Post Office Address 


SAME AS ABOVE 


City 1 Indianapolis 1 state I IN | zip 1 46256 | country |uS 



rteme of Additional JointHiwentor, if any: 


1 1 A Petition has been filed for this unsigned inventor 


(@en 
Name 


William 


Middle 1 Terry 1 family 1 Johnson 1 suffix 1 

Name \- ^ I Name | — » | e.g. Jr. | 


Ijiifentor's 
Signature 


i^^/diiL'Ww A ^-u^ Oiv^-^'^^^'l-''^-^ Uate 





Residence: Citv 1 IndlanapoliS ^ ^\ State | IN | Country | US 


Citizenship I US 


l^k Office Address 


1367 Maynard Drive 


Post Office Address 


SAME AS ABOVE/ 


<»y 1 Indianapolis '^jT^J ^"^ 1 46227 | country I US 



Name of Additional Joint JWventorr^f any: 


1 1 A Petition has been filed for this unsigned inventor 


Given 
Name 


VignatI I 


Middle 
Name 




Family 
Name 


Louis 


Suffix 

e.g. 

Jr. 




Inventor's 
Siqnature 












iDate 1 V-Z^-o; 


Residence: City 


Indianapolis -^J-^^ | state I IN | country 1 us 


1 Citizenship 


US 


Post Office 


Address 


5617 North Meridian Street 


Post Office Address 


SAME AS ABOVE 


City 1 Indianapolis I state I IN 


1 Zip 1 46208 1 Country | US 
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